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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 

STABILITY AND CONTROL CHARACTERISTICS OBTAINED DURING 
DEMONSTRATION OF THE DOUGLAS X-5 RESEARCH AIRPLANE 
By Richard E. Day and Jack Fischel 

SUMMARY 


Flight tests were performed with the Douglas X-3 research airplane 
during the manufacturer's demonstration program and for U. S. Air Force 
evaluation. These tests covered the Mach number range to 1.21 and an 
altitude range from 12,800 feet to 3^,000 feet. Longitudinal, lateral, 
and directional stability and control data obtained during these tests 
in steady flight and maneuvering flight are presented in this paper and 
are compared with wind-t\jnnel and rocket-model data. 

Longitudinal control deflection required to trim the airplane over 
the Mach n\jmber range was generally similar to that of other airplanes, 
characterized by a stable variation at Mach numbers below 0.92 and a 
slight nose-down trim change at Mach nvimbers above 1.07. 


Data obtained during turns and pull-ups indicated that throughout 
the Mach number range from O .65 to 1.21, the apparent static longitudinal 
stability was positive at low lifts and increased by a factor of about 



as Mach number was increased from 0.9 to 1.2. 


The apparent stability 


exhibited a gradual decrease as lift increased and mild pitch-ups 
occurred at Mach numbers above 0.95- The pitch-ups occurred at normal- 
force coefficients of about 0.7 to 0.8, which is slightly below maximum 
wing lift at a Mach number of approximately 0.95^ about O.k to 0.3 
below maximum wing lift at Mach numbers greater than 1.0. 


Difficulty was experienced in performing smooth longitudinal maneu- 
vers . This condition appeared to result from the combination of control 
system, pilot, airplane, and their dynamic characteristics; however, 
additional tests are required to determine the primary cause of the lag 
and oscillations experienced. 


Unaccelerated stalls appeared stable in all configurations tested, 
except at large angles of attack in the landing configuration where some 
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instability was evident. Roll-off tendencies, which became more severe 
as the speed was decreased, were apparent in all configurations . 

Data obtained during sideslips at Mach numbers from 0.84 to O .98 
showed the apparent directional stability to be positive and to increase 
with increase in Mach number. A smaller degree of apparent stability 
existed for small angles of sideslip than existed for larger angles. 

Meager aileron effectiveness data obtained at Mach n umb ers of O .89 
to 0.98 indicated that the control effectiveness was generally linear 
with deflection and exhibited little change with increase in Mach nijmber. 

Comparison of flight data with wlnd-tumnel and rocket-model tests 
showed similar trends and good quantitative agreement. 


INTRODUCTION 


The Douglas X-5 airplane is one of the series of research airplanes 
obtained by the U. S. Air Force for the Joint Air Force — Navy — National 
Advisory Committee for Aeronautics high-speed flight research program. 

The X-5 airplane was designed to investigate the characteristics at 
supersonic speeds of an airplane having a thin, straight, low-aspect- 
ratio wing with hexagonal sections . The airplane is single place and is 
powered by two turbojet engines with afterburners. With the engines 
presently Installed the airplane is limited to near-sonic speeds in level 
flight although supersonic speeds can be attained by diving. 

The purpose of this paper is to present the stability and control 
characteristics of the X-5 airplane measured during the manufact\arer ' s 
program to demonstrate the structural integrity of the airplane and the 
proper functioning of the various airplane systems . Data from two U . S . 
Air Force evaluation flights are also included. All the data presented 
in this paper were obtained from NACA research instrumentation which was 
enq)loyed during the entire program. The data cover the Mach number range 
to 1.21 and were obtained diirlng trimmed- flight speed runs; longitudinal, 
directional, and lateral maneuvers; and unaccelerated stalls. Comparison 
of the flight data with data obtained during wind-tunnel and free-fllght 
Investigations of X-5 models is Included. Lift and drag data obtained 
concutrrently on the X-5 airplane diirlng the demonstration and evaluation 
flights are reported in reference 1. 
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SYMBOLS 

transverse acceleration, g \onits 
wing span, ft 

lift coefficient, L^lpV^S 

slope of lift c\irve per degree, ^Cr^/da, 

airplane normal-force coefficient, nWy^ipV^S 

slope of airplane normal-force-coefficient curve per 
degree, dCjj^^do, 

lateral-force coefficient, a^W^^pV^S 

slope of lateral- force- coefficient curve per degree of 
sideslip angle, dCy^dp 

pitching-moment coefficient 

wing chord, in. 

mean aerodynajulc chord, in. 

aileron control wheel force, lb 

rudder pedal force, lb 

stabilizer control column force, lb 

acceleration due to gravity, ft/sec 
pressure altitude, ft 

stabilizer deflection with respect to fuselage reference 
line, leading edge of stabilizer up is positive, deg 

lift, lb 
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P 

l/2pV^ 

dit/dCL 


free- stream Mach numher 

normal load factor or acceleration, g units 
free-stream static pressure, Ih/sq ft 
rolling angular velocity, radians/sec 
pitching angular velocity, radians/sec 
yawing angular velocity, radians/sec 
wing area, sq ft 
true airspeed, ft/sec 
indicated airspeed, knots 

airplane weight, lb 
angle of attack, deg 
angle of sideslip, deg 

total aileron deflection, right roll positive, deg 
leading-edge flap deflection, deg 

trailing- edge flap deflection, deg 

rudder deflection, deg 

left rudder pedal deflection, in. 

aileron control wheel rotation, deg 

stabilizer control column travel, in. 

mass density of air, slugs/cu ft 
free-stream dynamic pressure, Ib/sq ft 
apparent longitudinal stability parameter, deg 
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d6a/dp 

d6j./dp 

pb/2V 


apparent longitudinal stability parameter^ deg 

apparent effective dihedral parameter 
apparent directional stability parameter 
wing-tip helix angle, radians 


DESCRIPTION OF AIRPLANE 


The Douglas X-3 research airplane is a single-place straight-wing 
airplane powered by two J5^ turbojet engines equipped with afterburners. 
The airplane is also characterized by a long fuselage with an appreciable 
frontal area to wing area ratio. Photographs of the airplane are shown 
in figure 1 and figure 2. A three-view drawing is presented in figure 5- 
Additional airplane dimensions are given in table I. The low midwing has 
an aspect ratio of 3.1, is unswept at the 75-P^Pcent- chord line, and is 
equipped with both leading- and trailing-edge flaps. The airfoil employed 


for the wing is a percent-thick modified hexagonal section normal to 
the 75-P^rcent- chord station (fig. 3 ) • 


The airplane has an all-movable horizontal tail surface and conven- 
tional flap-type rudder and aileron control s\irfaces . All the aerody- 
namic control surfaces are powered by an irreversible hydraulic system 
and have variable artificial force gradients. The horizontal tail has 
fixed tabs to alleviate hinge moments for the condition of hydraulic sys- 
tem failure . Preloaded springs are used in the control system to provide 
a variation of control force with control deflection. A dynamic- static 
pressure sensing unit changes the mechanical advantage between the cock- 
pit controls and the feel springs, producing control-force gradients as 
shown in figure k. 


Provision is also included for varying stabilizer control-force 
gradients provided by the preloaded springs independent of the dynamic- 
static pressure sensing unit. The control-force friction appears to 
increase somewhat with increase in the control-force gradient (Fg/i-^) . 


INSTRUMENTATION 


The following pertinent quantities were recorded on NACA internal 
recording instr-uments which were synchronized by a common timer: 
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Airspeed and altitude 

Normal and transverse acceleration 

Rolling angular velocity 

Pitching angiolar velocity 

Yawing singular velocity 

Angle of attack and angle of sideslip 

Control column, control wheel, and rudder pedal positions 
Stabilizer, aileron, and rudder positions 
Stabilizer, aileron, and rudder control forces 
Leading- and trailing- edge flap positions 

The angle of attack and stabilizer deflection were measured rela- 
tive to the fuselage horizontal reference plane. The vanes used to 
measure the angle of attack and the angle of sideslip were mounted on a 

boom approximately feet and 2^ feet, respectively, forward of the 

h 4 

nose of the airplane (fig. 5). The values presented for angle of attack 
were not corrected for the effects of upwash ahead of the nose of the 
airplane nor for the effects of boom bending or pitching velocity. The 
pitching velocities encountered were not sufficiently high to change 
appreciably the recorded values . 

A Douglas airspeed head was mounted on the boom about 4^ feet for- 
ward of the nose of the airplane (fig. 5)- The differential pressure 
probes on the nose of the boom were part of the instrumentation of the 
Douglas Aircraft Co. and were not used for the data of this paper. The 
airspeed system was calibrated by using the NACA radar-phototheodolite 
method of reference 2. The accuracy of the Mach numbers obtained is 
believed to be within tO.Ol. 


TESTS 


The data presented in this paper were obtained during demonstration 
flights by the Douglas Aircraft Co. and during preliminary U. S. Air 
Force evaliiation flights. Consequently, the lift and Mach number ranges 
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covered in obtaining various stability and control parameters are not 
complete, particularly for the directional and lateral stability survey. 

Longitudinal trim data ranging from M = 0.60 to M = l.l6 were 
obtained from stall approaches, level-flight speed r\ins, and dives with 
the airplane in the clean configuration. Static longitudinal stability 
and control characteristics in accelerated flight were determined with 
the airplane in the clean configuration during wind-up turns at Mach num- 
bers from 0.65 to 0.9i<-,and during p\xll-outs at Mach nvunbers from 0.94 
to 1.21. Stall approaches were performed with various combinations of 
leading- and trailing-edge flap deflections with gear up or gear down. 
Static directional and lateral stability data were obtained from right 
and left gradually increasing wing-level sideslips at Mach numbers of 
0.84, 0 . 96 , and 0 . 98 . Lateral control effectiveness characteristics 
were obtained between M = O .89 and M = O .98 from rudder-fixed 
aileron rolls at various aileron deflections. 

The data were obtained at pressure altitudes ranging from 
12,800 feet to 54,000 feet. The center-of-gravity positions for these 
tests were within the limits of 5 percent and -2 percent of the mean 
aerodynamic chord. A more precise determination of the center-of- 
gravity position was limited by the existing instrumentation (pertinent 
to fuel consumption) . 


RESULTS AND DISCUSSION 
Trim Characteristics 


Figure 6 shows the longitudinal control- surface deflections 
required to trim the airplane in 1 g flight throxigh the usable Mach n\mi- 
ber range. These data were obtained dijrlng level runs, dives, and stalls. 
The values of stabilizer deflection were corrected to constant conditions 
of 1 g flight at a pressure altitude of 30,000 feet and a wing loading of 
116 pounds per square foot by using the values of the parameter di.j.^dCjj-^ 

obtained during turns and pull-ups. The variation of trim- stabilizer 
deflection with Mach number (fig. 6) indicates that the airplane exhibits 
a longitudinally stable trend from Mach numbers of 0.6 to about 0.92, 
followed by a neutrally stable region to M = 0.97* A- nose-up trim 
change occurs starting at a Mach number of approximately 0.97 with the 
highest rate of change of trim deflection near a Mach number of 1.0. A 
slight nose-down trim change then occurs from Mach numbers of about I .07 
to 1 . 16 , the highest Mach number at which trim data were obtained. The 
longitudinal control forces for trimming the airplane are not presented 
because various trim settings were used dirrlng the several flights trav- 
ersing the Mach number range shown. 
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Adequate data are not available to present the lateral trim 
requirements over the Mach nmber range; however, the pilots reported 
the occurrence of slight inconsistent trim changes at a Mach number of 
about 0.95* 


Longitudinal Stability and Control Characteristics in 
Accelerated Maneuvers 

Data obtained during several accelerated maneuvers, representing 
the lift and Mach n'umber ranges covered, are presented as time histories 
in figure 7 . Figure 8 presents these data in the form of stability 
cross plots. Additional data obtained during other accelerated longitu- 
dinal maneuvers are not presented in this paper but were used to deter- 
mine the values of various stability parameters over the Mach number 
range. In general, because of the buffeting and the proximity of wing 
maximum lift (as shown by wing loads measurements in subsequent maneu- 
vers), the maneuvers performed at Mach numbers less than 0.9 were over 
a lift range extending only to Cm of about O .5 to 0.6. At Mach num- 

jH. 

bers greater than O .9 the maneuvers were generally over a larger lift 
range extending as high as Cjj^ = 1.1. 

The longitudinal oscillations evident in figure 7 caused by a 
combination of characteristics of the control system, pilot, and air- 
plane. Sufficient dynamic characteristics have not been obtained to 
evaluate these oscillations in detail and, although the airplane longitu- 
dinal damping appears high, it is felt that more tests are needed to 
determine the primary contributor to the sustained oscillations exp)erl- 
enced. Some contributing factors of the oscillations may be indicated. 

An inspection of the time-history plots (particularly figs. 7 (b) and 
7 (d)) indicates that the summation of incremental time lags between 
application of stabilizer wheel force, movement of the stabilizer con- 
trol wheel, change in tail incidence, and change in airplane angle of 
attack is as much as 1 second, causing the application of control force 
to be as much as l80° out of phase with the airplane response. Examina- 
tion of time histories (fig. 7 ) and plots of stabilizer deflection as a 
function of stabilizer control -wheel position (fig. 8 ) indicates by their 
linearity that loss of motion in the control hydraulic system (such as 
caused by inertia of hydraulic system and control components) or control 
cable stretch (between the stabilizer control wheel and the stabilizer- 
actuating-hydraiilic cylinder) is a minor contribution to the phase lag 
(approximately 0.1 to 0.2 sec.). Additional effects shown in figure 7 
are the appreciable control force changes occurring during the low-speed 
maneuvers with little or no corresponding changes in cockpit control 
position or stabilizer deflection and the continuance of stabilizer 
motion during several of the maneuvers when the force was stopped or 
reversed. These effects result from the control-feel system friction 


CONFIDENTIAL 




NACA RM H55E16 


CONFIDENTIAL 


9 


and Lreakout forces which are larger for the imxirrium spring load-feel 
gradients employed for these maneuvers (except for fig. T(c), discussed 
subsequently)^ and also from hydraulic valve friction in the powered 
control system (ref. 3)* These effects are believed to contribute 
appreciably to the lag and oscillatory characteristics shown. A large 
phase difference is also apparent between the deflection of the stabi- 
lizer and change in airplane attitude as represented by angle of attack 
(fig. 7 ); however^ the actual lag in development of pitching velocity, 
about 0.2 second, is normal. 


Because of the oscillations encountered during the longitudinal 
maneuvers, analysis of the airplane stability is difficult particularly 
at Mach numbers less than O .9 where the range of covered was very 


limited. However, examination of the plots of stabilizer deflection 
against angle of attack and at the higher Mach numbers (figs. 8(c) 

and 8(e)) shows the apparent stick- fixed stability to be positive, as 
indicated by the negative slope of the curves of plotted against 


a, but nonlinear over most of the angle-of-attack range. The apparent 
stability decreased and approached neutral stability at the higher 

. At Mach numbers above about 0.95^ pitch-up was 


values of a and C- 


experienced with the aii^lane during the longitudinal maneuvers. The 
data of figures T(^) to 7(t) and 8(d) to 8(f) show that the pitch-up was 
probably aggravated by the lag and oscillations previously discussed. 
Figure 7(t)^ example, illustrates a pitch-up beginning at time 
4.0 seconds. As the stabilizer column position and stabilizer deflec- 
tion became nearly constant, an overshoot in angle of attack of about 8^ 
and in acceleration of about 5 g occurred, accompanied by a relatively 
low pitching velocity of approximately 0.2 radian per second. (Also see 
fig. 8(f).) Although the pitching velocities and accelerations experi- 
enced in the pitch-ups were considered by the pilots to be reasonably 
mild, large values of pitching acceleration were sometimes attained 
during the subsequent recovery when excessive control rates were used. 

In general, pitch-up was apparent at normal-force coefficients of about 
0.7 to 0.8 at all Mach numbers above 0.95* These values of normal-force 
coefficient were slightly below maximum wing lift (as obtained from wing- 
loads measiurements) at M ~ 0.95 ^-^d about 0.4 to 0.3 below maximum 

wing lift at Mach numbers greater than 1 . 0 . 


To illustrate the changes in stability occurring over the angle-of- 
attack range in terms of airplane pitching-moment coefficient, the flight 
data of figures 7(f) 8(f) bave been reduced to values of by an 

analysis similar to that employed in reference 4 and are presented in 
figure 9* As discussed in the preceding paragraph, the plots of figure 9 

show the stability is initially positive at low values of a and Ctvt 

^^A 

but tends to decrease and become negative as a is increased, resulting 
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in the pitch-up experienced in flight. Some of the indicated changes 
in stability over the angle -of -attack range may result from the changes 
in Mach number occurring during the course of the maneuver (fig. 7(f) )• 
In addition, a comparison was made of the static margin at low lifts 
for the flight data of figure 9 and the wind-tunnel data of reference 5 
(interpolated for M 1.17). This comparison showed good agreement. 


For most of the maneuvers evalmted, the pres sure- sensing control- 
force vinit was not used and the stabilizer load feel was manually set 
to maximum. Consequently, the apparent stick-free stability is essen- 
tially the same as the stick-fixed stability pattern inasmuch as the 
synthetic feel system, consisting essentially of a spring arrangement, 
produces a linear control force — surface deflection gradient. The sta- 
bilizer wheel force, shown as a function of normal load factor in fig- 
ure 8, gives an approximate value of 20 pounds per unit acceleration 
for the maximum load-feel conditions stated previously (figs. 8(d) to 
8(f)). Data from one of the three tvirns in which automatic load, feel 
was used are shown in figure 8(c). The control-force gradient under 
these conditions and at the specified altitude has been reduced to 
approximately 8 povinds per unit acceleration. 


The apparent stability parameter di.y'dCjj^ 

as a function of Mach number at a constant Cw 

'■'A 


is shown in figure 10 
of 0 . 3 . For conp)arison 


the solid line in figure 10 gives wind-tunnel values, taken from refer- 
ence 5, for di.jy'dC^ a function of Mach number at a constant value 

of = 0.3 and Both sets of data were obtained at about 


the same center-of-gravity position, approximately Oc. At Mach numbers 
less than 0.9 insufficient flight data are available to define adequately 
the variation of the apparent stability parameter with Mach number. How- 
ever, values of approximately -5° were obtained below M = 0 . 9 . The 
negative value then appears to increase linearly with Mach number from a 
value of about -6° at M = 0.95 to a value of -12° at M = 1.21, indi- 
cating either an increase in airplane stability or a decrease in stabi- 
lizer effectiveness, or both. Although figtire 10 shows wind-tunnel data 
are not available in the range of Mach nimiber where most of the flight 
data were obtained, the agreement shown in trend and level of the values 
of di^y/dC^ and dl^-^dCL appears fairly good. 


The variation with Mach nxunber of the airplane normal-force- 
coefficient-curve slope Cjj obtained at a value of Cjj =» 0.3 during 

A(x ^ 

accelerated maneuvers (figs. 7 and 8 ) is shown in figure 11. Also pre- 
sented in figure 11 is the variation of Or with Mach number obtained 

CXt 

dixring wind-tunnel model tests (ref. 5 ) and rocket-model tests (ref. 6 ) 
at w 0 . 3 . The flight values of Cjj increase from about O.O 75 at 


'Aa 
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M = 0.65 to about 0.105 S't M = 1 . 0 , then decrease to about 0.095 S’t 
M = 1 . 2 . Although the flight data agree in trend with the rocket- and 
wind-tunnel data presented, flight values of Cj^ are higher over the 

Ax 

entire Mach niomber range shown. One possible reason for the higher 
flight values of Cj^ is the fact that flight values of a were not 

Ax 

corrected for boom bending, pitching velocity, or other conditions. 


Stalling Characteristics 

Data obtained diiring unaccelerated stall approaches (made at 
hp «= 26,000 ft) for three airplane configurations are presented in fig- 
\ire 12 in the form of time histories of the measiired quantities. In 
figure 13 several quantities are presented as a function of Indicated 
airspeed. Figure l 4 - shows i^ and Cjj as functions of angle of 

attack. In all flap and gear configurations the airplane flew unstead- 
ily both laterally and longitudinally during the stalls (fig. 12 ) . This 
behavior appeaired to be control induced to a lange extent; however, 
rapid oscillations of the ailerons can be observed during the early part 
of the stall shown on figure 12 (c) with little or no resulting airplane 
rolling response. The pilots reported the airplane exliibited poor aileron- 
control response at low speeds, however, the low- speed aileron- control 
characteristics have not yet been evaluated. In general, the rolling 
motions of the airplane were the most severe, especially near the stall 
where a roll-off tendency was apparent. In the clean condition (flaps 
and landing gear retracted) , the stall approach was started at an indi- 
cated airspeed of 36I knots with the stall occurring at about 222 knots 
(figs. 12(a) and 13(a)). Deflecting the leading-edge flaps to 30 ° and 
the trailing-edge flaps to 50° and extending the landing gear resulted 
in a decrease in stalling speed to about I60 knots (figs. 12(b) and 
15(b)). However, deflecting only the leading-edge flaps to 7 ° (gear 
retracted) decreased stalling speed to about 206 knots (figs. 12(c) and 

13(c)). 

The scatter of data points in figure l 4 , for the curves of stabi- 
lizer deflection plotted against angle of attack, is due largely to the 
erratic control motions and to the inertia lag described previously. 
Nevertheless, it is evident that the apparent stability gradient di^^da 

is positive in all configurations tested except for some instability 
exhibited at values of angle of attack greater than lh° in the landing 
configuration. It is also evident that a higher degree of stability 
exists for the clean configuration than exists for the landing configura- 
tion or for moderate nose flap deflections. (Corapaxe also the variations 
of it with Vi for each configuration in fig. 13.) The wind-tunnel 
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data of reference 7 indicate the same general effects of deflecting 
leading- and trailing-edge flaps on the airplane stability. 


The curves of airplane normal-force coefficient presented as 
function of angle of attack in figure Ik show the variation of C 


a 


N. 


with a to be fairly linear up to the wing stall angle for each con- 
figuration. In the clean condition the wing stall occurred at about 
Cjj =0.6 and a = 12°. With leading-edge flaps deflected 7° the 


stall was delayed to Cjj^ « 0.7 and a « lk°. During the stall approach 

in the landing configuration, values of Cjj = 1.19 and a = l8.k° 

A 

were attained. These values still appear to be in the linear range of the 
Cjj curve . 

Ax 


In general, the values of and a at which the break or 

leveling-off occurred in the airplane normal-force-coefficient curve for 
each configuration were in close agreement with the results of the wind- 
tuinnel investigation of reference 7. In this investigation (ref. 7) an 
X-3 airplane model with a horizontal tail of aspect ratio k.O was 
employed . 

Stick-free characteristics of the airplane during the stall 
approaches are difficiilt to evaluate because of the aforementioned oscil- 
lations and erratic control motions and also because of the relatively 
large breakout forces and the friction band of the control system. How- 
ever, the average forces are quite low during each maneuver and the gen- 
eral trend of the control- force envelope shows a slightly stable to 
neutral slope in figures 12 and 13 indicating near-neutral stick-free 
stability for the stall approaches. An exception to this condition may 
be noted for the landing configuration (figs. 12(b) and 15 (b)) where the 
control forces appear imstable above a ^ lk°. In addition, the pilots 
commented that severe buffeting occurred prior to the stall usually at 
or near 110 percent of stalling speed. In every instance the pilots 
reported the airplane tended to roll to the ri^t near the stall with an 
appreciable loss in altitude Involved in the recovery from the stall 
unless the engine afterburners were used. The pilots also considered the 
stabilizer effective in the stall recovery. The ailerons, however, were 
considered only marginally effective. 


Static Directional and Lateral Stability Characteristics 

Static directional and lateral stability characteristics are pre- 
sented in figure 15 where the control positions, control forces, and 
side-force coefficient are plotted as functions of sideslip angle. The 
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apparent control-fixed directional stability, as shown by the yariation 
of rudder position with sideslip angle, is positive for the narrow speed 
range covered and increases with increase in Mach nixmber. The data also 
Indicate a smaller degree of stability near zero sideslip angle than at 
moderate sideslip angles. (The wind-tunnel data of ref. 5 indicate a 
similar trend of directional stability over the rajige of sideslip angle 
at M = 0 . 9 .) The value of the apparent stability parameter dS^/dp 
(measiired near p = 0°) increases from 1.15 to I .60 as the Mach number 
increases from 0.84- to O. 98 . 

Figure I5 shows the variation of side-force coefficient with side- 
slip angle to be linear for each of the three Mach numbers at which the 
sideslips were performed. However^ the previously mentioned increase in 
apparent stability for moderate angles of sideslip is not reflected in 
the side-force-coefficient curve. This condition indicates either 
greater control effectiveness for small values of p and 6 ^ or a 

change in fuselage load distribution occurring at moderate values of 
or both. This change in fuselage load distribution would tend to change 
the linearity of the unstable fuselage moments with increase in p with 
no accompanying change in fuselage load. The rudder-free directional 
stability^ apparent to the pilot as variation of indder pedal force with 
sideslip angle ^ is positive and approximately linear for a Mach number 
of 0.8^ (fig. 15 (a)). For Mach mmibers of O .96 and O. 98 , figures 15(b) 
and 15 (c) show an extreme rudder-force — side slip -angle gradient dFp^dp 
beyond small values of p. At these higher speeds and at the larger 
values of p and 6 ^ the available hydraulic force applied to the 
rudder is insufficient to overcome the increased rudder hinge moment. 
Consequently, the increased pedal force does not produce a corresponding 
increase in rudder deflection and the increased gradient of dF^/dp 

becomes apparent to the pilot as an increase in rudder-free stability. 

The apparent effective dihedral dbg^/dp as shown by the slope of 

the curve of aileron position plotted as a function of sideslip angle, is 
positive for Mach numbers of 0.84 and O .98 (figs. 15(9') 15(c)). The 

near neutral d6a/d.P slope at M = O .96 (fig. 15(b)) cannot be explained 

until additional flight test data are available to define the variation 
of apparent effective dihedral with Mach number. 

Since sufficient data are not available to graphically present 
lateral and directional stability parameters as a function of Mach num- 
ber, the following table has been included: 
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Lateral 

and Directional Stability Characteristics 

M 

hp, ft 

d6r/dp 

(3 = 0°) 

^3 

(3 = 0 °) 

d6a/d3 

(3 = 0 °) 

0.84 

20,000 

1.15 

-0.0110 

0.64 

.96 

21,000 

1.20 

-.0115 

.08 

.98 

19,800 

1.60 

-.0120 

.40 


Lateral Control Characteristics 

The effectiveness of the ailerons over the aileron deflection 
range and over a very limited Mach numher range is shown in figure l6. 

The relative effectiveness of the ailerons, in terms of the param- 
eter ph/2\/5a^ appears to he about the same over the Mach number range 

tested « O.OOlsV In addition, the meager data obtained up to 

\ / 

this time indicate that the effectiveness of the ailerons appears to be 
linear with deflection except possibly at M = 0.9^ where a lower effec- 
tiveness may exist for small deflections than for large deflections. 


CONCLUSIONS 


Results from demonstration tests of the Douglas X-5 airplane by the 
manufacturer and the U. S. Air Force indicate the following conclusions: 


1. Longitudinal control deflection required to trim the airplane 
exhibited a stable trend over the Mach number range from 0.60 to about 
0 . 92 , appeared neutrally stable between Mach numbers of 0.92 and about 
0.97^ exhibited a slight nose-down trim change starting at a Mach 
number of about I .07 up to I.I 6 , the highest Mach number at which trim 
data were obtained. 


2. Throughout the Mach mmiber range from O .65 to 1.21, the apparent 
static longitudinal stability was positive at low lifts and the apparent 
stability parameter di^^dCj^ had a constant value of about -5^ for Mach 


numbers below 0.9 and then increased linearly to -12^ at a Mach number 
of 1.21. The apparent stability exhibited a gradual decrease as lift 
increased and mild pitch-ups occurred at Mach numbers above 0.95* The 
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pitch-ups occurred at normal-force coefficients of about O.7 to 0.8, 
which is slightly below maximum wing lift at a Mach number of approxi- 
mately 0.95 and about 0.^4- to 0.3 below maximum wing lift at Mach numbers 
greater than 1.0. 

5. Difficiolty was experienced in performing smooth longitudinal 
maneuvers. This effect appeared to result from the combination of con- 
trol system, airplane, pilot, and their dynamic characteristics; however, 
additional tests are required to determine the primary cause of the lag 
and oscillations experienced. 

4 . Unaccelerated stalls appeared stable in all configurations tested, 
except at large angles of attack in the landing configuration where some 
instability was evident. Roll-off tendencies, which became more severe 
as the speed was decreased, were apparent in all conflg\arations. 

5. The airplane normal-force-coefficient-curve slope Cjj increased 

Ax 

from a value of O.O75 to approximately 0.105 as the Mach nvunber increased 
from 0.65 to 1.0, then decreased to about 0.095 at a Mach number of 1.21. 

6. Apparent directional stability over a Mach mmiber range from 0.84 
to 0.98 was positive and increased with Increase in Mach number. A 
smaller degree of apparent stability existed for small angles of sideslip 
than existed at larger angles. Side-force coefficient and effective dihe- 
dral were positive for the narrow Mach number range covered. 

7. Aileron control effectiveness over a Mach number range of O.89 
to 0.98 was generally linear with deflection and exhibited little change 
with increase in Mach number. 

8. Comparisons showed that flight data, rocket-model data, and wind- 
tunnel-model data exhibited similar trends and good quantitative agreement. 


High-Speed Flight Station, 

National Advisory Committee 
Edwards, Calif., April 


for Aeronautics, 

25, 1955. 
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TABLE I 

PHTSICAL CHAEACTERISTICS OF THE DOUGLAS X-3 AIRPLANE 


Wing: 

Airfoil section: ....... Modified hexagon 

Airfoil thickness ratio, percent chord 

Airfoil leading- and trailing- edge angles, deg 8.58 

Total area, sq. I66.50 

Span, ft 22.69 

Mean aerodynamic chord, ft 7.84 

Root chord, ft 10. 58 

Tip chord, ft 4.11 

Taper ratio 0.59 

Aspect ratio 5.09 

Sweep at O.75 chord line, deg 0 

Incidence, deg 0 

Dihedral, deg 0 

Geometric twist, deg 0 

Aileron: 

Area rearward of hinge line (each), sq^ft 4.04 

Span at hinge line (each), ft 5*25 

Chord rearward of hinge line, percent wing chord 25 

Travel (each), deg ±12 

Leading-edge flap: 

Type Plain 

Area (each), sq. ft 8.58 

Span at hinge line (each), ft ............... 8.916 

Chord, normal to hinge line, in 11. 50 

Travel, deg 30 

Trailing-edge flap: . . . 

Type Split 

Area (each), sq ft 8.6I 

Span, ft 5.085 

Chord, percent wing chord 25 

Travel, deg 50 


Horizontal tail: 


Airfoil section 

Airfoil thickness ratio at root chord, percent chord 
Airfoil thickness ratio outboard of station 26, 

percent chord 

Airfoil leading- edge angle, deg .... 

Airfoil trailing-edge angle, deg 

Total area, sq ft 

Span, ft 

Mean aerodynamic chord, ft 

Root chord, ft 

Tip chord, ft 

Taper ratio 

Aspect ratio 

Sweep at leading edge, deg 

Sweep at trailing edge, deg 

Dihedral, deg 


Modified hexagon 

8.01 

k.^Q 

11.96 

8.rr 

k3.2k 

13.77 

3.5^ 

4.475 

1.814 

0.405 

4.38 

21.14 

0 

0 
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TABLE I 

PHYSICAL CHARACTERISTICS OF THE DOUGLAS X-5 AIRPLANE - Concluded 


Travel: 

Leading edge up, deg • 6 

Leading edge down, deg 17 

Hinge line location, percent root chord k 6 .k 6 

Vertical tail: 

Airfoil section • • . • Modified hexagon 

Airfoil thickness ratio, percent chord 

Airfoil leading- and trailing-edge angles, deg 8.58 

Area, sq. ft 25.75 

Span (from horizontal tail hinge line), ft 5«59 

Mean aerodynamic chord, ft k .69 

Root chord, ft 6.508 

Tip chord, ft 1.95 

Taper ratio 0.292 

Aspect ratio 1.515 

Sweep at leading edge, deg ^5 

Sweep at trailing edge, deg 9*59 

Rudder : 

Area, rearward of hinge line, sq. ft 5*^1 

Span at hinge line, ft 5.555 

Root chord, ft 1.98 

Tip chord, ft 1.097 

Travel, deg ^20 

Fuselage: 

Length including boom, ft 66.75 

Maximum width, ft 6 .O 8 

Maximum height, ft 4.8l 

Base area, sq. ft 7»9^ 

Power plant: 

Engines Two Westinghouse J54-WE-17 with afterburner 

Rating, each engine: 

Static sea- level maximum thrust, lb 4,850 

Static sea-level military thrust, lb 5,570 

Airplane weight, lb: 

Basic (without fuel, oil, water, pilot) l6,120 

Total (full fuel, oil, water, no pilot) 21,900 

Center -of- gravity location, percent c: 

Basic weight - gear down 2.63 

Total weight - gear down 4.59 

Total weight - gear up 5*91 
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Figure 1.- Side view of Douglas X-3 research airplane. 
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Figure 2 .- Three-quarter front view of Douglas X -5 research airplane. 
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Figure 5.- Three-view drawing of X-3 airplane. All linear dimensions in 

inches. 
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(a) Longitudinal and directional load feel characteristics. 

Figure 4.- Synthetic control force characteristics of the Douglas X-5 
airplane obtained during ground tests. 
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(b) Lateral load feel characteristics. 
Figure 4 .- Concluded. 
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Figure 5.- Sketch of nose boom showing airspeed head and the angle-of- 
attack and angle-of-sideslip vanes. All dimensions in inches. 
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Figure 6.- Stabilizer deflection required for trim as a function of 
Mach number; clean condition. All data corrected to Ig flight at 
hp = 50^000 feet for W/S = II6 Ib/sq ft. Douglas X -5 research 

airplane. 
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(a) hp = 12,800 feet. 

Figure 7 -- Time histories of accelerated maneuvers for the Douglas X -5 
research airplane. Flaps and landing gear up; center of gravity 
from 3 to -2 percent mean aerodynamic chord. 
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(b) hp = 22,200 feet. 
Figure 7*~ Continued. 
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(c) hp = 25,200 feet. 
Figxire 7 *- Continued. 
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(d) hp = 26,000 feet. 
Figure 7.- Continued. 
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Figure 7»- Continued. 
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(f) hp = 22,500 feet. 
Figure 7-- Concluded. 
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(a) hp = 12,800 feet; M = 0.645. 

Figure 8.- Static longitudinal stability characteristics of Douglas X-3 
research airplane in accelerated flight. Flap and landing gear up; 
center of gravity from 3 to -2 percent mean aerodynamic chord. 
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(b) hp = 22,200 feet; M «= O. 78 . 
Figure 8.- Continued. 
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(c) hp = 25,200 feet; M « O. 97 . 
Figure 8 .- Continued. 
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(d) hp = 26,000 feet; M «= 1.04. 
Figure 8.- Continued. 


CONFIDENTIAL 





56 


CONFIDENTIAL 


NACA EM H55E16 


rs. 




(e) hp = 28,000 feet; M « 1 . 11 . 
Figiore 8 .- Continued. 
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a, deg a, deg 

(f) hp = 22,500 feet; M « I. 17 . 
Figiare 8 .- Concluded. 
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Figure 9 .- Variation of airplane pitching moment with angle of attack 

and normal-force coefficient computed for the maneuver of figure 7(f)* 
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Figure 10.- Variation of — — with Mach number. Douglas X-5 research 

airplane . 
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Figure 11.- Variation of airplane normal-force-coefficient-curve 
slope Cjj with Mach number. Douglas X-5 research airplane. 
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(a) Clean configuration. 

Figure 12.- Time histories of stall approaches for the Douglas X-3 
research airplane; hp 26,000 feet; center of gravity from 5 to 

-2 percent mean aerodynamic chord. 
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(b) Wheels and flaps extended. 
Figure 12.- Continued. 
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(c) Gear up; &f = 0; 6f = J.0°. 

"t e Ze 


Figure 12.- Concluded. 
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(a) Clean conf igtiration. 


Figure 13.- Variation of longitudinal stability and control quantities 
with indicated airspeed d\iring stall approaches, hp «= 26^000 feet. 

Douglas X-5 research airplane. 
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(b) Wheels and flaps extended. 
Figure 13 •- Continued. 


30 

20 

10 

0 

10 

-7 

-6 

-5i 

-4 





o 

__Q_ 

iP <0) 

,-p 


a ■ 







o ^ 

o 



ooc 

o 

^Q: 

c 

o° 

O-OC 

b 



o 

o 

O 







— o — 



















^n, 









LjS 

^ c 
o 
o 

XT 


dH 

3 CP 



)rP 

Orr\^ 









V. 



P 




Qo)p< 

r 

2b<9 

>cP^ 








i 

i <8 

' Tor 



)GDC 


D 

1 












> 


8,^ 

Qo_c 













(Q^ 

9n 












cP 



00 






1 






l§> 

C 

) n 






$ 

^ ° 
9r 





<?o 

o 






C 

O ^ 

?P 

O <SC 

5o 



c 

V 

°cl 

In 

°°o 





Oo 

"O” ■ 
0 

o 

^8 

o 




D- 

c 

D 






O 

o 

^ r 











O 

o 


o 












6 

c 

(* 

O 


o 










’‘O 


o 

o 

o 









c 

uC 

T 

V 





"Y'VWtc ' 


OJ)^- 

j 



. .CY\, 





jJL)XS“ 


33^ 

n 


0 


140 


160 


180 


200 


220 


240 


260 


CONFIDENTIAL 





46 


CONFIDENTIAL 


NACA EM H55E16 


Pull 


20 


F3,lb 



0 ( 

i 




it, deg 


1 

m 

c 

V 








0 

0 

(SO 

(b 









0 

0 





bcx® 



) ^ 











Aft 


8wc:» i*^- 


a, deg 


2 

I 

16 




1 











boon 


D 


0 

0 









Cb°, 

r 

t7rO 









^ 

°c 








0 





j 


poo^ 



0 








D 

0 












0-^- 

0 








0 


(b 


Id 












© ^ 



3 

0 








C 


. 0 










0 











n, g 


r 


fiDQS 


30^ 

to® 

3)tg^ 

ucca 

XQ03[^ 

3 


^ 220 240 260 280 300 

Vj, knots 

(c) Gear up: 5 ^ = Oj =7.0^. 

■^te ^le 


Figure 15.- Concluded. 
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Figure l4.- Variation of Lj. and with a during stall approaches. 

hp « 26,000 feet; center of gravity from 5 to -2 percent mean aero- 
dynamic chord. Douglas X-3 research airplane. 
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(a) M « 0.84j hp « 20,000 feet. 

Figure 15 •- Variation of control forces, control deflections, and side- 
force coefficient with sideslip angle during wing-level sideslips. 
Center of gravity from 5 to -2 percent mean aerodynamic chord. 
Douglas X-5 research airplane. 
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(b) M « 0 . 96 ; hp «= 21,000 feet. 
Figure 15*- Continued. 
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(c) M « O. 98 J hp « 19,800 feet. 
Figure 15 •- Concluded. 
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(a) M « 0.89; hp 17,000 feet. 



(b) M «= 0.9^; hp «= 25,000 feet. 



(c) M « 0.98; hp «= 21,000 feet. 

Figure 16.- Variation of wing-tip helix angle with total aileron deflection. 

Douglas X-5 research airplane. 
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